
RESEARCH OBJECTIVES
The heat output of the waste to be emplaced at Yu c c a

Mountain will strongly affect the thermal-hydrological (TH) con-
ditions in and near the geologic re p o s i t o-
r y. Recent analysis of gas flows within
emplacement drifts has demonstrated
that the open tunnels will act as impor-
tant conduits for natural convection
p rocesses. As a result, water will evapo-
rate from the drift walls in elevated-tem-
p e r a t u re sections of the drifts, migrate
along the drifts, and condense in cooler
sections (i.e., the end sections with no
emplaced waste). Thus, evaporation
driven by natural convection has gre a t
potential for reducing the moisture con-
tent in the near-drift fractured ro c k ,
which in turn would reduce the potential
for formation of pore water drops at the drift wall (and subse-
quent dripping into the opening). However, up to now, natural
convection processes have been neglected in predictions of future
TH behavior in the fractured porous rock at Yucca Mountain. We
have developed a new simulation method that couples existing
tools for simulating TH conditions in the fractured formation
(Birkholzer et al., 2004) with modules that approximate natural
convection and evaporation conditions in heated emplacement
drifts. 

APPROACH
The new simulation method simultaneously handles (1) the

flow and energy transport processes in the fractured rock; (2) the
flow and energy transport processes in the open drifts; and (3) the
heat and mass exchanges at the interface between the rock forma-
tion and the cavity. This integrated modeling approach ensure s
consistency between the thermal-hydrological conditions in the
f r a c t u red rock and those in the open drift. In-drift convection and
turbulent mixing is approximated with a lumped-parameter
a p p roach, following a pro c e d u re developed by scientists at
Sandia National Laboratories for estimating condensation
p rocesses in waste emplacement drifts (BSC, 2004). A l u m p e d -
parameter approximation means that the turbulent mixing is not
solved in detail, but approximated as a binary diffusion pro c e s s ,
with effective diffusion coefficients estimated from supporting
computational-fluid-dynamics analyses. The lumped-parameter
simulations are conducted with a newly developed version of the
multiphase, multicomponent simulator TOUGH2, which
includes a new module for in-drift convection. 

ACCOMPLISHMENTS
We have successfully applied the new

modeling methodology to study future TH

conditions in a three-dimensional model domain comprising a
re p resentative emplacement drift and the surrounding fracture d

rock (Figure 1). Sensitivity studies were
conducted simulating diff e rent degre e s
of convective mixing within the open
tunnels. Our results have shown that nat-
ural convection can indeed remove sig-
nificant amounts of vapor from the heat-
ed fractured rock. For cases with re l a t i v e-
ly strong convective mixing, evaporative
conditions will prevail over long stre t c h-
es of emplacement drifts for several
thousand years after emplacement. A t
early times, vapor is driven from the for-
mation into the drifts by both convective
flow (from pre s s u re buildup caused by
boiling) and diffusive flow (re s u l t i n g

f rom vapor concentration gradients). At later times, diff u s i v e
flow dominates.

SIGNIFICANCE OF FINDINGS
C o m p a red to previous models that neglect in-drift convec-

tion, this new modeling approach predicts TH conditions that are
much less favorable for seepage of formation water into emplace-
ment drifts. Application of this method to drift seepage pre d i c-
tion models would significantly reduce the expected seepage
rates at Yucca Mountain and thereby improve the predicted per-
formance of the re p o s i t o r y. The new model could also be used to
assess innovative emplacement designs that deliberately utilize
natural convection processes, to generate an in-drift enviro n m e n t
beneficial to the performance of natural and engineered barriers
(less seepage, less humidity). 
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F i g u re 1. Schematic showing 3-D model domain with
emplacement drift and fractured ro c k
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